Feature
Island Biogeography's Lasting Impact
slands are, and always have been, special places. They are the basic stuff of daydreams, a source of life for shipwrecked souls, valuable pawns in international diplomacy. And they're especially special for scientists. For Charles Darwin on HMS Beagle, they were part of an expedition that "seemed to me to throw some light on the origin of species." For Alfred Russel Wallace, who searched for answers to the same mystery,"islands possess many advantages for the study of the laws and phenomena of distribution.... [I] t is not too much to say that when we have mastered the difficulties presented by the peculiarities of island life we shall find it comparatively easy to deal with the most complex and less clearly defined problems of continental distribution."
For those scientists whose work takes them into the evolution and distribution of species, and the reasons behind the distribution, islands became even more important in 1967 with the publication of a slender monograph written by two respected researchers. Robert H. MacArthur of Princeton, an expert at both ornithology and mathematics, and Edward O. Wilson of Harvard, the now-celebrated ecologist who studied the distribution of ants in Melanesia, delivered The Theory of Island Biogeography to the public (Princeton University Press, 1967) . With this book they sought to explain the relationships between species abundance and the size and isolation of the areas the species inhabit. As a rough rule of thumb, Wilson later wrote,"the number of species (birds, reptiles, grasses) approximately doubles with every tenfold increase in area." A tenfold decrease in area would halve the number of species.
The authors called their argument an "equilibrium theory" because it maintains that species number rests on a balance between immigration and extinction, with island isolation also playing an important part. An earlier paper they had written on the subject had escaped widespread attention, as had a similar theory advanced in a 1948 doctoral dissertation by Eugene Gordon Moore. Such theories, freighted with mathematical calculations, may have been simply ahead of their time. James H. Brown and Mark V. Lomolino, in their comprehensive book Biogeography (Sinauer Associates, 1998, 2nd ed.), note that "in the late 1940s, biogeography was dominated by descriptive and taxonomic approaches; this was not a propitious time for injecting mathematical theory and ecological concepts."
Whatever the atmosphere of the 1940s and early 1960s, in 1967 the MacArthurWilson theory was a big hit. The term "new paradigm" was heard throughout the hills and valleys of ecological research. Scholars set about testing, proving, and disproving the thesis. Today, 36 years after the theory's publication, it remains a fundamental force in the field of biogeography. Scientists are using the theory and its descendants in attempts to solve some of Earth's more vexing environmental problems-those brought on by evershrinking area for species habitat, as well as an ever-growing realization that the world has entered its first anthropogenic wave of extinction, one caused largely by habitat loss. The size and isolation of islands, and of places that act like islands, have assumed an urgent new importance.
Occasional rediscovery
The importance of islands has had to be rediscovered from time to time. After its initial acceptance, the theory came in for some heavy criticism. Several researchers had trouble replicating its findings, and one, biologist Daniel Simberloff, who worked with Wilson on one of his flagship island experiments, complained that too much of the theory's application by others was "overzealous." Michael Rosenzweig, a former student of MacArthur's and professor of ecology and evolutionary biology at the University of Arizona, says that after MacArthur's untimely death from cancer in 1972, "people started picking on it. These were people who don't understand theory, to a large extent. They began to say things like, 'Well, it's obvious.'" Rosenzweig hesitates a moment and adds, "Somebody taught me a long time ago that 'obvious' science after the fact is stuff we wish we'd done ourselves."Also, some of the criticism stemmed from the fact that "ecologists in many instances don't like mathematics and don't like having to think about dynamic processes."
Lomolino and Brown, in Biogeography, further noted that before 1960, the study of island biogeography was dominated by the notion that species composition was relatively static "unless modified by long-term evolutionary processes." Community structure was based on "unique immigration and extinction events, and species number was determined by the limited number of niches available on each island.... Either a species had already colonized the island in question, or it never would. Once it arrived, the species either found adequate resources for survival or failed to establish a population." MacArthur and Wilson went far beyond this approach and brought into the equation the idea of a dynamic equilibrium of the opposing forces of immigration and extinction. Species composition could and would change over time, but overall species richness would remain relatively stable.
The authors never meant their theory to be a one-stop solution to species diversity and distribution, on islands or anywhere else. MacArthur and Wilson wrote, in their 1967 preface, "We do not seriously believe that the particular formulations advanced in the chapters to follow will fit for very long the exacting results of future empirical investigation. We hope instead that they will contribute to the stimulation of new forms of theoretical and empirical studies, which will lead in turn to a stronger general theory."
The authors have gotten their wish. Lawrence R. Heaney, writing in a 2000 discussion in Global Ecology and Biogeography (vol. 9) 
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Brown and Lomolino, participating in the same discussion, say the theory "has not kept pace with relevant theory and our growing appreciation for the complexity of nature.... The discipline of biogeography, itself, is in a state of disequilibrium. We may again be about to witness another paradigm shift, which will see the replacement of MacArthur and Wilson's theory." Few scientists today would dismiss MacArthur and Wilson's work as "trivial" or wrongminded, though. The theory has endured and given scientists a great deal of meat on which to chew. The theory and what followed it have greatly sharpened the ways scientists (and nonscientists) think about insular communities, whether they be on oceanic islands, remote mountaintops, or prairie potholes. The idea of species equilibrium may have lost some of its initial punch, but dynamism has grown in strength. Lomolino, an ecologist at the State University of New York's College of Environmental Science and Forestry, comments, "The major paradigm shift that occurred really, at least in my mind, wasn't so much that systems were thought to be in equilibrium but that they were thought to be dynamic." This appreciation of dynamism has played a significant part in scientists' (and even some policymakers') thinking about how to deal with the present crises of loss of habitat and of species diversity.
Brown, a biologist at the University of New Mexico (and recipient of the 2002 MacArthur Award of the Ecological Society of America), points out that historical events, such as hurricanes and glaciation, can knock ecosystems out of equilibrium. This is a variable that was not included in the neat equations of MacArthur and Wilson. Some scientists wonder if the present change in global climate will be one such historical event.
Not just oceanic islands
The MacArthur-Wilson theory has also enlarged scientific thinking about what, for the purposes of studying and protecting species richness, constitutes an "island."
The dynamic-equilibrium way of thinking has been applied to everything from mountaintops to forest patches to freshwater lakes to caves and desert springs. Wilson says he's seen parasites and pathogens in human bodies identi- fied as denizens of habitat islands. But if he had it to do all over, he still would want to cast the theory in terms of oceanic islands."It turned out that, for the time,'island biogeography' was heuristic," he says."Most other possible expressions would have been less precise and would not have had the same heuristic effect. 'Island biogeography' succeeded in part because ecologists and systematists and, in time, the conservationists, could clearly conceive of the world as both natural habitat islands and insular islands as discrete and analyzable systems. And so they were able to get both into original theory of their own and into very productive field research. I think that the heuristic value of a theory really has as much to do with its success as its truth." John Terborgh, codirector of the Center for Tropical Conservation at Duke University, feels that research generated by the theory has been quite useful."The work that Jim Brown did and Jared Diamond did and I did back in the seventies opened people's eyes to the threats posed by fragmentation," he says. "And we were able to show that so-called continental land bridge islands that are way in excess of equilibrium when they're detached from connections to the mainland lose species pretty rapidly-and that through some calculations based on that, we're able to predict very well the number of species left in recently created forest fragments.
"So there was power in the theory to make predictions about entirely different scales of time and space. And that is a pretty resounding affirmation of the basic robustness of the theory, I would say." (Diamond, of the University of California-Los Angeles, also has written extensively about island biogeography.)
Terborgh it's had deep impacts on conservation biology, certainly. What is happening now, in the kind of work we're doing and other people are doing, is to begin to understand the mechanisms that drive extinction." Certainly a major such mechanism, maybe the biggest one, is fragmentation of habitat. Perhaps the most exhilarating outgrowth of the 1967 theory has been the recognition that mountain ranges, especially in the American Southwest, could be islands as well. Brown, who did much early work on what is called the "sky islands" network, says that the MacArthur-Wilson theory "made an absolutely enormous contribution to the way we think about islands and island life systems, and even continental systems and certain kinds of conservation problems." But it cannot explain everything, including what's needed to conserve the ecological integrity of the mountainous refugia.
The sky islands, which cover millions of acres of land in Arizona and New Mexico, comprise some 27 mountain ranges that once enjoyed a measure of connectivity but that have become isolated from one another since the most recent glacial period. Peter Warshall, of the University of Arizona and a student of the region, has written that growing stretches of desert grasslands and scrub have "limited genetic interchange between populations and created environments with high evolutionary potential. The resulting sky island ecosystems support many perennial streams in an arid climate, have a high number of endemic species, and harbor most game species as well as most threatened and endangered species in the Southwest." The archipelago runs from Mexico's Sierra Madre to the Rocky Mountains of the United States.
The ecosystems received their eyecatching name when conservationist and author Weldon Heald called them sky islands in 1967, the same year the MacArthur-Wilson theory was published. David Hodges, the executive director of Sky Island Alliance, the Tucson-based organization dedicated to conserving the region's ecosystems, says Heald's clever choice of words immediately pushed appreciation of the mountains to a higher level.
"People had recognized the fact that there were isolated endemic populations contained in different areas," Hodges says. But Heald "really was the one who was responsible for making that jump and comparing them to something people really hadn't thought about before: the fact that we do have islands here. They're inland islands, and they're [sky] islands because they're up above everything else."
The Sky Island Alliance and the closely associated Wildlands Project are constructing a conservation framework that differs from oceanic biogeography in that it focuses on connectivity."It's not the actual endemic species that are found on top of the mountains," he says, "though we certainly have situations where we try to do what we can to ensure that these species persist. But one of our concerns is the species that historically have traveled freely back and forth between the different mountain ranges, using the midand lower-level elevations. In most cases 
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What do undergraduate students know about island biogeography and the years of research and thought it has engendered? The answer depends on their teachers and curricula, of course. Here are the comments of one professor of geography, Susan Woodward of Radford University in Radford, Virginia.
Woodward says that many of her students have never had a course in biology, doubt the prevailing scientific views on evolution, and would encounter problems with the complex equations and area-species curves that form the backbone of the MacArthur-Wilson theory. The undergrads "freak out at addition, let alone calculus," says Woodward. So she relies heavily on descriptive teaching. "I hope The Song of the Dodo [the widely praised book by David Quammen (Scribner, 1996) ] gives them a sense of the adventure of science and of learning in general. It seems to."
Woodward starts the semester with an overview of biogeographic thought "from inventory and description to various attempts at regionalization (e.g., zoogeographic provinces, floral kingdoms, life zones) to the ecological and theoretical biogeography of today." She uses MacArthur-Wilson's Theory of Island Biogeography " (1) [as] an excellent example of theoretical biogeography wherein numbers replace actual species; (2) as a hypothesis that stimulated two decades of research; and (3) as one of the underlying principles still guiding the design of parks and preserves." She and a colleague who teaches land use stay away from mathematical equations, using "just the generalized graphs comparing small islands and large islands, near and far islands."
Will all this result in better-designed protected areas for Earth's shrinking wilderness? "Ultimately," she says, "the best design of preserves will probably come from a team of social scientists and natural scientists who take into consideration not only hot spots and corridors, but economic development and sustainable human land uses within the matrix."
Undergrads and Island Biogeography they're utilizing habitats that are found on all the different islands. But they need to be able to move around, just to keep the genetic flow that's existing within the population, and also [to reach] areas for expanding territories. There are cases in which they hit three or four different sky islands at different times of the year." Other species, such as the black bear, move vertically rather than horizontally, depending on the season and availability of food.
Fortunately for the alliance, much of the sky islands land is publicly controlled. And, Hodges says, public land agencies have been generally enthusiastic about the alliance's aims.
A major part of the work of the sky islands and wildlands projects is done under the name of "rewilding," or restoring the habitat of the Southwest to a condition where species (especially top carnivores) can move freely once again. In the Wildlands Project's journal, Wild Earth, is the statement "We live for the day when grizzlies in Chihuahua have an unbroken connection to grizzlies in Alaska." Since rewilding would require some accommodation by the region's growing human population, the idea terrifies and enrages some critics of the project, who populate the World Wide Web with screeds calling the conservationists communists, Nazis, or agents of the United Nations. About "rewilding," Hodges says, "Sometimes you start out with buzzwords, and from an advertising perspective and a branding perspective, at the time it seemed like a good idea. But it's not a word that really caught on with people."
The value of the theory There's no doubt, however, that "sky islands" and the image the term invokes have caught on, and the MacArthurWilson theory of island biogeography is largely to credit.
The sky islands and their current problems were created by a reduction in habitat area, one initiated by nature and augmented by urban sprawl across the desert floor. Wilson says this is where the theory has proved most valuable, although its authors hadn't planned it that way. "It's interesting," says Wilson, "that neither one of us thought much about the possible applications of the theory to conservation in the sixties. It was only in 1972, at a memorial symposium of Robert MacArthur's death, that E. O. Willis, of the University of Kansas, and I wrote a paper on the applications of island biogeography for the planning of reserves." For that reason alone, the theory should be remembered as a success, he says, "even though the original theory has been replaced by much more sophisticated modeling and applications in areas MacArthur and I never conceived. Clearly, it has served as a means of predicting extinction rates, and in the demographic principles on which it is built, a tool for investigating the causes of extinction in shrinking habitats....That's one of the big consequences of the theory of island biogeography. It doesn't matter if it's left in pristine condition; if you reduce the reserve enough in size, even just a moderate amount in size, you're going to start losing species automatically."
The lesson that habitat reduction equals extinction, thinks Wilson, seems largely lost on the policymakers who decide where and how large conservation areas will be-at least those in the United States. "My impression has been that at the level of the present White House and Congress, relatively little attention has been paid," he says. There's been more use of the theory's principles by conservation organizations, both local and global, as well as the World Bank and United Nations. Three good examples of awareness on the global scale, he adds, would be the 1. 1967, 1995) . Reprinted with permission of Princeton University Press.
island biogeography, his fellow scientists haven't done enough to educate the public and influence policy. Researchers should not fear being branded as advocates, he says."They won't lose their credibility. They'll gain the respect of the rest of the community when they do it right." Just as he and MacArthur predicted back in 1967, says Wilson, the theory of island biogeography has become outdated by subsequent research and discoveries. But that was the point. "It definitely has influenced a lot of thinking. If you've got a good theory, that's what it does. It creates a cycle.
"I believe that the most important practical application has been to alert others to the crucial importance of habitat size, the predictable decline of species diversity, even in pristine habitat fragments, and the usefulness of studying species extinction as demographic change in an ecosystem context. This is extremely important, because of the inevitability of losing species if you just reduce habitat.
"A lot of people still go around with the feeling that,'Oh, all you have to do is put aside a little reserve somewhere and then you turn the rest of it into farmland. The little reserve has most or all the species there that were in the whole area before it began to be converted. You're okay; you've got a little pocket of species there.
They'll be safe. We'll take good care of them, and we won't let any of them be killed off.' "But they will die off, and eventually die off in substantial numbers. Just automatically. It's common sense, when you think about it: If you cut it down so that you've got only room for, say, a couple dozen shrubs of a certain species, and a butterfly species that lives there depends for its life cycle on a hundred of those, then the bush may persist for a while longer, but the butterfly will go out very soon." 
